Abstract. This paper suggests a novel method for SAR moving target Imaging. After proper preprocessing, the matrix of SAR echo can be regarded as the superposition of three matrices, including a low-rank matrix of ground clutter, a sparse matrix of moving targets, and an entry-wise matrix of noise component. Then low-rank matrix decomposition technology based on principal component pursuit is used to separate the moving targets matrix from the ground clutter matrix. Simulation is shown the availability of the proposed method.
Introduction
Synthetic aperture radar (SAR) imaging of moving targets needs to compensate phase error caused by these movement to avoid image defocusing. Because the motion of targets may be complicated in full observed aperture, the targets are tracked over successive small-apertures. In each sub-aperture, the motion of targets approximate to uniform translational movement. Therefore, it is a key problem that how to estimate this motion in each sub-aperture.
The existing algorithms for motion estimation classified into two categories: The first category is for a single antenna SAR, and the target motion is estimated from the return echoes [1, 2, 3] . These algorithms suppose that all the targets motion is same, and sensitive to the existence of strong stationary targets. The second category is for complex antenna SAR [4, 5, 6] , with multiple receiver and/or transmitter antennas. Then, target velocity is extracted from the phase variation of images collection obtained from multiple receiver-transmitter pair.
In this paper, single antenna SAR system is considered, and a low-rank matrix decomposition technology based on principle component pursuit (PCP) is proposed, which designed to decompose a matrix into a low-rank one plus a sparse one. The paper is organized as follows: Low-rank matrix decomposition theory is given in section 2. The proposed method is illustrated in section 3. Simulation is shown in section 4. Section 5 is conclusion.
Low-rank Matrix Decomposition
We assume that the observed data matrix D ∈ was generated by corrupting some of the entries of a low-rank matrix A ∈ . The corruption can be represented as an additive error sparse matrix E ∈ , so that D A E. So the Robust Principle Component Analysis (RPCA) problem can be given as
Unfortunately, eq. (1) is a highly nonconvex optimization problem, and no efficient solution is known[]. By relaxing eq. (1), ℓ -norm is replaced by ℓ -norm, and the rank is also replaced by the nuclear norm, the RPCA problem can be changed to the PCP problem [6, 7, 8] as shown in eq.(2)
Where ‖ ‖ * is the nucleaer norm, i.e. the sum of the singular values of A. We proposed the accelerated proximal gradient (APG) algotithm [8] to solve eq.2
Proposed Method Description
SAR echo is composed of three components, ground clutter, moving targets, and noise. Moving targets are sparse in the scene. After proper preprocessing, range compressed data can be expressed as D , . We show in Figure 1 the matrix D for a scene with a single moving target and nine stationary scattering centers. The ideal separation of this matrix would be
Where A is the echos from the stationary targets alone and E is the echo from the single moving target. From Figure 1 , we can see that matrix A is a matrix with almosst parallel columns, so it is a low-rank matrix. The matrix E is given by the sloped curve in the data plane, so E has higher rank than A . But it si sparse, because there is only one moving target, i.e., one sloped curve. Obviously, E will remain sparse for a small number of moving targets, as well. When the number of stationary targets is small, the matrix A is not only low-rank but also sparse with respect to whole range compressed data. So we must add a fast time window to range compressed data before low-rank decomposition to ensure the low-rank and exclude sparsity.
After low-rank decomposition, IFFT imaging is applied in the low-rank data matrix, while traditional moving target imaging is applied in the sparse data matrix. The following figure shows the processing diagram of SAR low-rank decomposition. 
Simulation
In this section, a simulation is given to show the availability of our method. Radar Parameters are set as following: Carrier frequency is 10 GHz. Bandwidth is 75MHz. Time width of signal is 3E-7 seconds. Sample frequency is 750 MHz. There are six stationary targets and one moving target in the science. They are in the same azimuth cell, and the range interval of those targets is 5 m. The velocity of moving target is 10 m/s along range direction. The figure 2 is imaging result of the simulation. Range compressed data is shown in Figure 3 (a), from which we can see the coupling between moving target and stationary targets. In Figure 3(b) , the interrupted image after directly FFT imaging is shown, due to the existence of moving target. After low-rank decomposition method we proposed, six stationary targets and one moving target are clearly decomposed, as shown in Figure  3 (c) and (e). Then FFT imaging is applied on the low-rank part to obtain Figure 3(d) , which is clearer than Figure 3 (b).
Conclusion
In this paper, we propose a method of SAR moving target imaging based on low-rank decomposition. Using PCP technology, the range compressed data can be divided to two parts, a low-rank matrix and a sparse matrix, corresponding to clutter matrix and moving targets matrix respectively. Simulation shows the effectiveness of our method. 
